On the origin of sensory errors: Contrast discrimination under temporal constraint.
Estimation of perceptual variables is imprecise and prone to errors. Although the properties of these perceptual errors are well characterized, the physiological basis for these errors is unknown. One previously proposed explanation for these errors is the trial-by-trial variability of the responses of sensory neurons that encode the percept. In order to test this hypothesis, we developed a mathematical formalism that allows us to find the statistical characteristics of the physiological system responsible for perceptual errors, as well as the time scale over which the visual information is integrated. Crucially, these characteristics can be estimated solely from a behavioral experiment performed here. We demonstrate that the physiological basis of perceptual error has a constant level of noise (i.e., independent of stimulus intensity and duration). By comparing these results to previous physiological measurements, we show that perceptual errors cannot be due to the variability during the encoding stage. We also find that the time window over which perceptual evidence is integrated lasts no more than ∼230 ms. Finally, we discuss sources of error that may be consistent with our behavioral measurements.